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Abstract 

In this paper I cite p.p. 100-117 of book G. Quznetsov, Probabilis- 
tic Treatment of Gauge Theories, in series Contemporary Fundamental 
Physics, ed. V. Dvoeglazov, Nova Sci. Publ., NY (2007). There I re- 
search a bound between neutrino and it's lepton. 

Let ^ei/ be the unitary space, spanned by the foUowing basis: 



2^ y /giig^ (^osh (|noa:4) + sinh (Inpx^)) e^, 
2^\/3&? (cosh Cinox,) + sinh (^^0X4)) £2, 
J,.:=/ 2^vSS^(cosh(^noa:4)-sinh(^noX4))e3, \. (1) 

^ 2l^y3g^ (cosh (1^0X4)- sinh (|noX4)) £4, / 

2^ exp (-i| (noa;5)) ei, 5!^ ^xp (-i| Ka^s)) £2, 
2^ exp (-i^ (noxg)) 63, 2^ exp (-i^ (nox^)) 64 

Let ^e be a subspace of the space Sg^ such that if ^ e 3e then ip has got 
the foUowing shape: 



ip{t,x,X5,Xi) = exp 



-i-noX5 
c 



4 

E 
fe=i 



/fe (t,x, no,0)efc 



That is ip has got the foUowing matrix in the basis Jg 








/i 

/2 
/3 
/4 



(^ = 



(2) 
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Let us consider the following Hamiltonian on 5e 

/ 3 



Ho,i := c ^ /?Mia, + -/^°hd5 + P^^hdi 



(3) 



+7[°lcia5 exp {-i^noxs) Y.k=i fk {*, x, no, 0) ek+ 

+/3Wci94 exp {-i^juox^) Y.t=i fk (*, x> "o, 0) e*. = 

= E'=i/3f'^lci9,^^+ 

/[Old (-i|n.o) exp {~i^nQX5) J2t=i fk {*, x, no, 0) ek+ 
+0 = 
Er=i /3''''ci5r^ + lino7[°l exp (-i^no^s) Y.t=i fk {t, x, ng, 0) e. 



Er=i /3''''ci5r'^ + hno7^"V- 



Hence on this space: 



iJo,4 = Ha := c^ /?Mi9, + hno7™. 



(4) 



Let So be a subspace of the space Qeu such that if <^o G 3^0 then 

ipo — £o ^ Ij and 1^ G 3e, and if ^ e 3e then {£0^) G So. If 1^0 = ^o<? then in 
the basis 3e^- 

- i-q + ic) h 

- i-q + ic) /2 

- {-q + ic) fs 

- {-q + ic) /4 



^o 



2/(T^^ 



-(-^{l-a^) + b)h 



Let us consider a Hamiltonian ifo,4 mode of behavior on the space 3o 
Hence 



vMl 



rfo 



27rnn 



I' I /i (cosh(^noa:4) +sinh(^noa;4))ei+ \ 

+/2 (cosh (^noa;4) + sinh (^noa:4)) 62+ 

+/3 (cosh (^noa;4) - sinh (^noa;4)) £3+ 

V +/4 (cosh (|noa;4) - sinh (|noa;4)) £4+ / 

+ (v/(r^^ - h) 2^95 exp (~i^ (noxs)) • 

V • (/i<^i + /2e2 + /aes + /4e4) 



\ 



-/3Wi 



ic- 



(q-ic) 



27rnn 



2-v/(l-a2) 27rc Y sinh(2no7r) 

/ /i (cosh (^"02:4) + sinh (^7200:4)) £1+ \ 
+/2 (cosh (|noa;4) + sinh (^120X4)) £2 + 
+/3 (cosh (7^0X4) - sinh (^710X4)) £3+ 

\ 4-/4 (cosh (|noa;4) - sinh {^noX4)) €4+ / 



• (/l£l + /2£2 + /3£3 + .U^i) 






2-7ry?,o 



2^0^ 

^ ^ /i (cosh (|noa;4) 
/2 (cosh (I no X4 
/3 (cosh (I no 0:4 
V +/4 (cosh (^noa;4) - sinh (|noa;4)) £4+ / 
V(l-«') - fe) ^A exp (-i| (noxs)) 



27rc V sinh(2no7r) 

sinh(|noa;4)) £1 + 
sinh(|noa;4)) £2- 
sinh(|noa:;4)) £3- 



\ \ 



(/lei + /2£2 + /3£3 + /4£4) 



-/jWic 



(q-^c) 



27ryio 



V 



2y/{l-a^) ^TTC Y sinh(2no7r) 

f /i (cosh (^noa;4) + sinh (^noa:;4)) £1+ \ 
/2 (cosh (^noa;4) + sinh (^7102:4)) £2 + 
fa (cosh {^noX4) - sinh (^710X4)) £3+ 
V +/4 (cosh (7noa;4) - sinh (^719X4)) £4+ / 
+ (v/(l-a2) - 6) 942^^ exp (-i| ("02:5)) • 

• (/lei + /2£2 + /3£3 + /4£4) 



Therefore 



i^n 



mi . , /I _^2_ (, 

.(0+^95Cxp(-i^( 



K7'°lic^ 



!»^oa;5)) (/i£i 



/ / /i (i94 cosh (^noa;4 



V 



J ± V ■* Vc, " **/ 

1-/2 (54cosh(-noa;4) 
1-/3(194 cosh (^710x4) 
V +/4 (^4 cosh (1^10x4) 



1^ 

+ /2£2 + /3£3 + /4£4)) + 

27rnn 

\ 



27rno 
sinh(2no'?r 



(94sinh(^noa;4)) £1+ \ 
-(94sinh(|noa;4)) £2+ 

- (94sinh(^noa;4)) £3+ 

- 94sinh(|noX4)) £4+ / 



/ 



Hence 



Ho^iLpo =cX;r=l/?''''i^r 



Po 



+7'"'-H^o)^^T^'^ 



2vT^^2^^^pHc"0^5) 

(A^i + Ae2 + Aea + fi'^i) + 

h 



-/3Wi 



ic^noT 



27rnn _ 
sinh(2no7r) 



2Vl-a2 2ttc 

I A (sinh (1^02:4) + cosh {^n^Xi)) ei+ \ 
+A (sinh (^noa;4) + cosh [\nQXi)) £2+ 
+A (sinh (|noX4) - cosh {^riQXi)) £3+ 

\ +A (sinh (|noa;4) - cosh [\n(3Xi)) £4+ / 



Therefore 



i/, 



^hno7["l^ 



2\/r^^ 

• (Aei + Ae2 



/ A(cosh(|noa;4 



^^2^C-P(-i^0-5) 

Aea + A €4) + 



/2 (cosh (|noa:4) 
A (cosh(^noa::4) 
\ -A (cosh (|noa::4) 



27rnn _ 
sinh(2no7r) 

sinh (1710X4)) £1+ \ 
sinh {^TiQXi)) £2- 
sinh (^noXi)) £3- 
sinh {'^noXi)) £4+ / 



Hence in the basis Jg^: 



HoA^o = C X]r=l /3''"'i9r(^o + hnQ- 



[01 yr^-b 
I 2yr^^ 



■/3Wi 



2Vl-a^ 



[01 VT^-b 








A 

A 

A 

_ A _ 






A 
A 
A 

A 



A 
-A 
-A 










L \l 



^ 27r^^ ' 



[5] 



A 
A 
A 









L \) 



with 



Since 



then 





1 





[5] .^ 


1 




-1 







-1 


;3[4]i^[5] 


= ^[01 



HqalPo = c Y,r=i /5''"'i9r¥'o + hno' 



7 



[0] L 



2\/T^^ 



(VT^-6)/i 



.^[0] 1 

' 2vT^^ 



Therefore 



Ho,i^o = c^/3Mi9,^o + hno7f°l 



2VT^^ 



{q - ic) /i 
[q - «c) /2 

(g - ic) fs 
{q - ic) /4 











-{-q + ic)fi, \ 

- {-q + ic) f2, 

- {-q + ic) fs, 

- { -q + ic ) f4, 

-{-VT^ + b)h, 

-{-VT^ + b)h, 

-{-V T^^ + b)h, 

V -{-VT^^ + b)u J 



Hence 



HqaVo = c^/3['"'i9r</?o + hno7f°Vo- 
Thus in the space SJei 



i?o,4 =Ho = cJ2 /S'^'i^r + hno7 



[0] 



too. 

Let 3* be a subspace of the space '^eu such that if <^, G 3* then 

ifit: = i* if [1\ and if G Qe, and if ^ £ 3e then (^,<^) G 3*. If (^* = i?*(^ ([2]) then 
in the basis Jei/i 



V* 



{-q + ic) /i 

{-q + ic)f2 

{-q + ic)h 

(-g + ic) / 4 

2J{l-a^) (b + V I - Q' ) /i 

(6 + VT^^) h 

Similarly to tpo you can calculate that 

3 

HoA^P* — Haifi* — c^J /? i9r(^* + lmo7 i^*-, 



Let 






eiL (k) := 


cj (k) + no + /ca 
fci + i/c2 


,eifl(k):= 


e2L (k) := 


fci — i/c2 
_ w (k) + no - /cg 


, 62^ (k) := 



u; (k) + no - kj 
-fci - iA;2 



— fci + iA:2 

uj (k) + no + /ca 



esL (k) := -em (k) , egj^, (k) := ei^ (k) 
e4L (k) := -e2R (k) , e^R (k) := e2L (k) 



with 



UJ (k) := -y/ng + fcj + /s| + /s| 


( no, fci, fc2,fc3 are real numbers). 


In this case [2]: 


r (If) - 


[ e,i (k) 


'' ' 2^Lu(k){ojik)+no) 
Let 


_ e,R{k) 


e. (k) := 


^4 

. es (k) _ 





here se {1,2,3,4}. 
And let [3]: 



eos (k) := i<,e, (k) 
1 



(g - ic ) es (k) 
(Vr^^-fe)e,(k) 



e„ (k) := 4e, (k) 
1 

^^2 {VT~^ + 6) \/T~~^ 



Denote 



(-g + ic)e s (k) 
(6 + \/T^^) e, (k) 



^o(k):=^/3Mfc, 



r=l 



In that case 



fca fci — ifc2 riQ 

fci + ifc2 -fca no 

no — ^3 — fci+ifc2 

no — fci — iA:2 fcs 



^oeoi (k) ( ^) ^ exp (i^ 



hi^o(k),„,(k)(Ayexp(4 
h^(k)e„i(k)(^yexp('i^ 



Therefore e^j^ (k) (2^) ^ exp (i|) is an eigenvector of iJo with the eigenvalue 
YiLo (k) . Similarly you can calculate that 

^02 (k) (2!^)* exp (i|), e,i (k) (2^)^ exp (i|), e,, (k) (2^)^ exp (i|), 
are eigenvectors of Hq with the same eigenvalue, and 



io3 



(k)(2lF)^exp(i|),e„4(k)(5^)^exp(i|), 



e*3 (k) (2^)^ exp (i^),^e,4 (k) (2^)^ exp (i^) 

are an eigenvectors of Hq with the eigenvalue (— hcj (k)). 

Vectors e,, (k) (jl^)* exp (i|), e,, (k) (2!^)* exp (i|) with ,s e {1,2,3,4} 
form an orthonornialized basis in the space Sei^ (O and 



X! {^**s,r (k)e„,,, (k) + e^^^^ (k)eo,_^, (k)) = ^^.r 



(5) 



s=l 



for r,r' £{1,2,3,4, 5, 6, 7, 8}. 



Let [3] 



and 



eL (k) :- ^(-)e„ (k) 
1 



^2 (x/T^^ + b) VT^^ 2^w (k) {uj (k) + no) 

(a - i\/l - a2) (-q + ic) e^L (k) 

(-g + i c) e^fl (k ) 

(a - iVT^^) (\/r^^ + b) esL (k) 

(v/(l -«') + &) e.i? (k) 



e^, (k) := ;7(-)e„, (k) 

1 1 

^2 (VT^^ - 6) ./l^^ V^ (k) (^ (k) + no) 

(a + iVl - a^) (g - ic) Csl (k) 

(g- ic) e^j^ (k ) 

(a + i\/r^^) (\/r^^ - b) esL (k) 

(yiT^^-fe)e.H(k) 



For these vectors: 

4 



^ (e:;^ (k)e:,,^-, (k) + e;:,j. (k)e;,^^-, (k)) = 5 



'jj' 



r=l 



and since [/'■ '^t/'- ' = Ig then ej,^ (k) and e'^^ (k) form an orthonormaHzed 
basis in the space ^ei^, too. 
Let 



e;,(k):=[/(-)c,(k) 



2i/w(k)(w(k)+no) 



(c + ig)erL (k) 

(a - i6) CrL (k) 
erR (k) 



In that case: 



£;« 



i ,1 



\/2 \^Y VT^ 

Let for J, j'e {1,2, 3, 4, 5, 6, 7, 8} m: 



e;r(k) + Jl 



VT^l? 



re'., (k) 



(6) 



and let 



{4(y),^,(x)}=5(y-x)5,.,,l, 
{V4 (y) , 4 (x)} = = {^,v (y) , ^, (x)} 



bor,^. := (^) j^ dx . e'*'^'' ^ e;,,,-, (k) ^,. (x) , 
KrM :- (^) 1^ dx . e'*-^- ^ e:,,^., (k) ^,. (x) . 



In that case: 



^ e ' ck- I ^ eo,^^ (k) borM + ^ e*.j (k) Ktm 



\r=l 



r=l 



E' 



-i^kx 



•/(n)rfx'.e'^''-'E-'=ie:.,,'(k)^,'(x') 

+ Z2r=l ^*r,j (k) ( 2;;^) • 

V 7(^)rfx'-e'^''-'Ey=ie:,,^.(k)^,v(x') J 



— ) Y. die' ■ e'i"^-' e-'i"^- ■ 



2ttc 



4 8 



m 



Yl E i-or.] (kje^rj' (k) + e^^j (k) e^^^^-, (k)) V'j' (x) 



In accordance with ([S]): 



^ e''^*'" E^orj (k) bor,k + E^-J (^) ^-.k 
\r=l r=l / 

/ dx'.^e-**K-x')^^^.^.,^,^.,(,') 



k \r=l 

3 



f- 

V27rc 



Hence since 



2:»'**'--'72^)"^(=''-) 



and according properties of S: 



k \r=\ r=\ J 

dx' • 5 (x' - x) Vj (x') = Vj (x) . 



(O) 



Thus: 



E^ 



-i^kx 



Er=l Cor J (k) &or,k + Er=l ^^rj (k) &»r,k ) = V'j (x) 



Let 



/ 



27rno 
sinh(2nn7r) 



/ / cosh (^noa;4) + \ y^2 , . ^ \ 

[ +sinh(|no:r4) j E.=i V'. (x) e.+ 



That is in the basis Jei/ (P): 



cosh(-noa:4)- ^ y-4 , , ^ 
, , -sinh(|noa;4) j ^.=3 ^^x) 6. 

+ exp (-i^ (noXi)) Er=l V'r+4 (x) er 



\ 



J 





V'l (x) 




V'2(x) 




V'alx) 


V'(x) = 


V'4(x) 
^5 (x) 




V'elx) 




V'tIx) 




. "08 (x) _ 



That is in this basis: 



(7) 



(8) 



Let 



■=f±-V 



-'*r,k -^^ 



/ dx.e'l''V...,(k)V'(x). 



ip' (x) := [/(-^V (x) . 
10 



In that case: 



'--K^)7./^-^'''^^-^")^'^^) 



V27rc, 



*r,k 



) / dx.e'^''V,;^.(k)^'(x) 



Hence: 



b: 



or.k 



(- 

3 



K 



*r,k 



h 

27rc 



/ dx . e'tkx ([/(-)e,,^^. (k)) ^ ([/(-) V' (x)) 

•'(ail 



Since C/(-)t[/(-) = i then 



(- 

3 



C,k = (£l) / dx.e'^''''eL,,(k)^(x), 



&1, 



{^) / /-^'s^-i.w^w- 



That is: 



fe'n.. t = feo-r.k and fei., t = fe„ 



!(. — 0*r,k- 



And from d?]): 



^;- (x) = ^ e-'^'-- ^ (e;,,^. (k) 6o.,k + e',,,^. (k) 6,.,k) 

k r=l 

For the operators 6or.k and &»r- k^ 



or-.k-'^o'-^kf- - (55^) (^r^r'f^lck'l, 



l^'L 






(2^) -^..'^J, 



k,k' 



&or',k"^*r,k^ =0, 



*r',k'' "c.k I 

6^ b^ 

or',k' ' or,k | 

t ;,t 



"*r',k'' "*r,kj ~ "' 
{6or',k',&or,k} — 0, 
{&*r',k',&*r,k} = 0, 

{CkM&l,k}=0- 



(9) 



(10) 



11 



Let 



6r,k:=V2(l-a2)' 



\/VT~^-b 



-'or.k 



l-a^ + b 



-'^r.k 



In that case: 



e'o^ (k) 6or,k + e!^r (k) KrM 



^ ±Li 



\/2 \]l VT^~^ 



:e'o,(k) + Jl 



VT^^ 



e'^^ (k) br,k 






/ b + x/T^^ , ,,,, 



And from 



e'o^ (k) 6or,k + e'^r (k) &*r,k 
= e^ (k) 6r,k 



'6-\/r~^ 



6+vr^7? 



;e'„,, (k) b^rM 



Ib + VT 



b-VT^^ 



e'^,, (k) borM- 



For fe. 



r,k- 



{bl,^k„b^=d, 

{fcr',k',6r,k} =0. 



From 



k r=l 

" 4 

:E^"'*''"E^-..(k)6o..k. 



c r= 


=1 


Ib-VT- 


-a^ 


U + VT- 


-a2 


Ib + VT 


~a^ 



6-Vl~^^ 



Let: 



(11) 



12 



;(x):=^e-^''-^e;(k)6.,k, (12) 



r=l 



4 



k r=l 



X.(x):=^/^^^^E^-^'^^E^o..(k)^*.. 



V ^ k r— 1 

In that case: 

V'j (x) = Xj (x) - X*j (x) - Xoj (x) . 
Let 

H^ := C/(-)i?oC/'"^^ 
For this Hamihonian: 

/ dx • xt (x) i/^V" (x) 
J(n) 

= / ^x. >-^^ E^'''^'^ECk^e:t,(ko. 

4 

•i^o E ^"'^'"^ E fe- e^) ^-.k + e:. (k) fe,.,k) 



/ ^-V^-7^EE^'^'^'^EC,.^:Uk') 



•i^ne 



0^ ^ , v^4 



/ ^-iilkx f Er=l feor (k) 6or,k + e'^^ (k) 6„.^k) 



I]r=3 feor (k) &or,k + £_'„. (k) fe^^^k) 



1, fr' (I.) ( Er=l (e'or (k) &or,k + e'^,, (k) 6,^,k) + 

" V + Eta (e'o,. (k) KrM + et,, (k) 6,,,k) 



Hence: 



13 



rfx • xl (x) H'^4'' (x) 

(O) 






u ( ^ (k) Er=l teor (k) ^'or^k + d„ (k) 6*r,k) - 

'(k)E'=3(e'o.(k)6o.,k + e:.(k)fe,.,k) 






k k' 



V /jt p't (V,'\ ( Er=l feor (k) feor,k + e',^ (k) 6*^^k) - 

Z. *.'.k'-o.'l ^l -Et3teo.(k)&o.,k + e:.(k)6..,k) 



'5- Vl-a2 



1, 1,' ^-^ / 



V 5 + Vl-a^ 

•Z. *.'.k'l _^4^ re'„V(k')e'„,(k)feo.,k + e:t,(k')et,(k)6,.,k 



k k 

't nj 



Since 
then 



' rfx • xJ 


;(x)i7^^'(x) 




/5 + a/T^ 


-^Eh-(k)E 

""^ k k' 


/27rc 



(5 



k,k' • 



'.^1 *'"'''' V -Et3(4.'(k')e'„.(k)feo.,k+4.'(k')et,.(k)fe..,k 
In accordance with properties of 5: 

dx.x:(x)i?^^'(x) 

(O) 



, y hu (k) , , 



14 



^ ^t f ^r=i (d-' (k) e'or (k) 6o,,k + el, (k) e',, (k) 6,,,^ 

Since 

e:V(k')e;.(k) = 6ry, 
e!i,(k')e:,ik) = 
then 



dx ■ xl (x) -ffoV'' (x) 

(O) 



SH-Wm'- 






zJ ^Ir'.k 2_/ ('^'-.f-'^O'-.k + 06*r,k) - 2J (<5r,r'^or,k + 06*r,k) 



r' — 1 \r— 1 r=:3 

3 ' 



. r^v.t^^ 



V h y v 5 + VT~^^ 



^h^(k) 



4/2 4 \ 

/ ^ ^,r',k I Z^ (^r^r'^or.k — 2^ (^r^r'&or^k 1 
r' — 1 \r— 1 r— 3 / 



/27rcy b-VT~^ 



V li / y 5 + VT- a^ 

/ 2 4 ^ 

k \r=l r=3 V 

Therefore 



(n) 



^ ^ V ' V j^ \r=l r=3 / 



/27rcy b-VT~a 
\h~) ^ b+VT~a 

Similarly you can calculate that 
dx • xl (x) i?^^' (x) 



^ huj (k) ^ feL^k^'^'-.k - Yl ^L%k^*r,k 



fe + vT^fl' 



2 

k \r— 1 r— 3 



15 



Since [5] 



V li 



3 4 



~ /27rc\ ~ 



r=\ 



and (Uni) 

{CkM&o.,k}=0, {&L,,k',6U}-0, {CkM^>Lk}-0. 



then 



~ 3 4 _ _ 

6!.,k&or.k* - -&or,k ( ^ ) 51 C'- (^' P) ^l,k&r,p^O = 0. 



27rc 
IT 



Similarly 



Hence 



6L.k&*r.k* = 0. 



r^. dx . V't (x) H^V' (x) * (t, xo) = /,^. dx-xt (x) ff^x (x) * (t, Xo 



:i£ii 



i£J]J 



Thus, the function -0' (x) can be substituted for the function x (x) in calcu- 
lations of a probabilities evolution. 
Let 



Vn,,Xs) (k) := 
Hence from ([6]) 



(c + I?) CsL (k) 



) 'no,(s) (k) :- 



(a - i5) e^L (k) 
e^fl (k) 



e', (k) = ^- 

—S\> 27TC 



27Tno 



sinh(2no7r) 



/ / cosh i^nox^) +\( ^ 

1, +sinh(^noX4) )^^ + "'^ 



V 



esL (k) 



\ \ 



cosh(^noa^4) , q-^ 



sinh (^no2;4 
+ exp (-i^ {noX4)) Ing^s) (k) 



Therefore in the basis Jev '■ 

eUk) 
Therefore from (fT2ll : 

X 



^no,(s) (k) 



w = E^"'''^E 



^no,(3) (k) 
^«o,(s) (k) 



5s, k, 
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Let 



i;„ Jx) :=. ^ e-'^'^- ^ ^„„,(,) (k) fe, (k) 



l„„ (x):=^e-^''-^ ?„„,(,) (k) 6. (k) 



Hence in the basis Je,y: 



Let: 



xW 



/no (x) 






(13) 



i?.,o :- c^ /3Mi9, + hno (07'°' + &/?'^^) , 



^z/,( := (c + ig) 



no 

no 

-no 

-no 



Hu^ ■- (c - \q) 



In that case in the basis J, 



H',^ 



-no 

-no 

no 

no 



Hi.u Hio 



Let 



-3 

Hi^o (k) :- Y. ^''■'^^ + "0 («^'°' " ^'^"0 ' 



r^l 



i7,,o (k) := Y. Z^'^'^r + no (07'°' + bp 



[4] 



r=l 
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In that case 



i?o(k) = 



-ffi/,0 (k) -ffjy,; 

Hlu Hifl (k) 



An neutrino and it's lepton are tied by the foUows equations: 

H^fi (k) l^ng^{s) (k) + H^jlng^s) (k) = UJ (k) VnaAs) (k) 

for s G {1,2} and 

if^,o (k) Vno.is) (k) + Hy,iln,,^(s) (k) = -tj (k) i^„o,(s) (k) 

for se {3,4}. 

I suppose that such neutrino can fly 1.5 cm. [B] and give birth to it's leptons. 
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